SELUSEIY LAY MILATICN OF THi§ PaGe

rrce DTIEFIE (0P

Va. REPORT SECURITY CLASSIFICATION . MARKINGS

Unclassified 1 1
2a. SECURITY CLASSIFICATION AUTHO AD—AZZ 1 3 NIAVAILABILTY OF REPORT

>r public release;
distribution is unlinmited

25. DECLASSIFICATION / DOWNGRADING SCHEDULE

4. PERFORMING ORGANIZATION REPORT NUMBER(S) Z = ..] 5. MONITORING ORGANIZATION REPORT NUMBER(S)
NMRI 90-17
64. NAME OF PERFORMING ORGANI%ATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
3 r (/4 licabl .
Naval Me{ilcal Researc Ut app 1@ e Naval Medical Command
6<. ADDRESS (City, State, and ZiP Code)* . ) 7b. ADDRESS (City, State, and ZIP Code) i
Bethesda, Maryland 20814-5055 - Department of the Navy . - -
- : : -} Washington, D.C. 20372-5120
8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT {DENTIFICATION NUMBER
ORGANIZATION Naval Medical (If applicable) Lo
Research and Development Command -
8¢ ADDRESS (Grty, State, and 2IP Code) Lo 10. SOURCE OF FUNDING NUMB3ERS
Bethesda, Maryland 20814 5055 . ) PROGRAM PROJECT TASK WORK UNIT
A ) ELEMENT NO. NO. NO. ACCESSION NO
- 62770A . |3M162770A87 AQ120 - DA313964

11. TITLE (Include Security Classification)

Detection of murime typhus infection in fleas by using the polymerase chaip reaction

4

12. PERSONAL AUTHOR{S) Webb L, Carl M, Malloy DC, Dasch GA, Azad AF

13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [15. PAGESCOUNT
: FROM TO 1990

gnunn;l1 article
16. SUPPLEMENTARY NOTATION _ .
Reprinted from: Journal of Clinical Microbiology 1990 Mar; Vol.28 No6.3, pp. 530-53 -

17, COSATI CODES 18. SUBJIECT TERMS (Continue on reverse if neceny}’ and idenuly by block number) .
FIELD GROUP SUB-GROUP Murine typhus, Flea—lggrne typhus; Polymerase chain reaction;

XenopsylMops:.s, Rickettsia typhif”

19. ABSTRACT (Continue on reverse if necessary and :denrlfy by block number) -
1crob; d OJW Mer‘ ch \\eseard\

’;- wt

P S

MAY T4 Y 90

20. OISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
@uncassiFieounumiteo O same as e, [Joric users | Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMAOL
Phyllis Blum, Information Services Division P02-295-2188 ‘ ISD/ADMIN/MMRI

0D FORM 1473, 84 MAR 83 APR eqition may oe used until exnaystea. SECURITY CLASSIFICATION OF THIS PAGE
All other editions are obsolete. UNCLASSIFIED

o~y
/
Enzyme-linked immunosorbent assay/i')NA ampllflcatlon)/zf[)"") $)

‘f—\q 1
= C.,@N(b/ Cﬁgc”((eoﬂar”#ﬁj/)

-




[ o T e et N

e ek - e e e L

JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 1990, p. 530-534 Vol. 28, No. 3

0095-1137/90/030530-05502.00/0
Copyright © 1990, American Society for Microbiology

Detection of Murine Typhus Infection in Fleas by Using the
Polymerase Chain Reaction

LAURA WEBB.! MITCHELL CARL,” DIANE C. MALLOY,? GREGORY A. DASCH.?
AND ABDU F. AZAD"*

Department of Microbiology and Immunology, University of Maryland School of Medicine,' and Department of
Microbiology, University of Marvland Dental School,® Baltimore, Maryland 21201, and Rickettsial
Diseases Division. Naval Medical Research Institute, Bethesda, Maryland 20814-5055%

Received 11 October 1989/Accepted 6 December 1989 !

deoxvrigor 10w Gt
Polvmerase chain reaction (PCR) amplification of @NA was used to detect the etiologic agent of murine
typhus, Rickettsia typhi, in experimentally infected adult fleas. A primer pair derived from the 17-kilodaiton
antigen sequence of typhus and spotted fever group rickettsiae was used to amplify a 434-base-pair (bp)
fragment of the genome of the murine typhus rickettsiae. The amplified 17-kilodaiton protein antigen-specific
sequence was detected in ethidium bromide-stained agarose gels in individual fleas as early as 2 days after
exposure to rickettsemic rats (two of six tested). The 434-bp sequence was not detected in uninfected control
fleas. A dot hybridization assay used to detect the 434-bp fragment was also specific and about 100-fold more
sensitive than the agarose gel PCR assay. Since the PCR assay employed a boiled extract of triturated fleas,
both PCR and an antigen capture enzyme-linked immunosorbent assay (ELISA) could be performed on the
same individual flea homogenate. The ELISA identified 12 infected fleas out of 29 randomly selected fleas, f -
compared with 14 specimens which were positive by PCR. The PCR assay detected rickettsiae in samples in g ot
which no viable rickettsiae were detected by plaque assay. Like the ELISA, the PCR assay sensitivity was du¢_ , __,;7
in part to its suitability for detecting small numbers of both live and dead R. typhi in fleasp Kc auet e (SN

g/ , ,_:;_ f

7

The pathogenic rickettsiae are a group of intracellular the spotted fever and the typhus group rickettsiae (1, 2)//-"'3)
bacteria responsible for a variety of human diseases. These makes it possible to select both group-cross-reactive and
diseases include Rocky Mountain spotted fever (Rickettsia group-specific primers and probes for the dlagnosns of rick- Jd,"
rickettsii), epidemic typhus (Rickettsia prowazekii), murine ettsiae either in vectors, in tissue samples, or in blood from
typhus (Rickettsia typhi), scrub typhus (Rickettsia tsutsuga- infected individuals (M. Carl, C. W. Tibbs. M. E. Dobson. /g

mushi), boutonneuse fever (Rickettsia conorii), and rickett- S. Paparello, and G. A. Dasch, J. Infect. Dis.. in press). In
sial pox (Rickettsia akari) (13). Since these rickettsiae are this report, the PCR detection of a sequence within the
transmitted by a wide range of arthropods (e.g., ticks, fleas. 17-kilodalton antigen gene of R. typhi in experimentally
lice, and mites), their detection in the vector arthropods is of infected fleas is described. We present a comparison of the
major importance for epidemiological studies and control sensitivity of PCR with that of ELISA detection and direct
strategies. A number of detection techniques have been isolation of rickettsiae from fleas. The utility of the PCR is
developed. including direct or indirect immunofiuorescence, further enhanced by development of a dot hybridization
enzyme-linked immunosorbent assays (ELISAs) with poly- assay for the PCR product and elimination of the need for
clonal or monoclonal antibodies, and recovery of the agents isolating purified DNA from the infected flea.
from vectors by culture in embryonated eggs or tissue
culture ceils or by experimental infections in laboratory MATERIALS AND METHODS
ig:lr'nneal;f (lskie6s;: lti)c'hlr?f SUF::I;C rtrl:gs: e:fs;(l:::l:;\y rin?xilr:h:)?tltl;l?s,i\?ef Rickettsial strain. R. ryphi AZ332 (Ethiopian) (3) was used
laboratory support asqweli as antisera to wgll- defined anti- to infect fleas. Ipfected Xenopsylla che_'opis fleas were ob-
gens. They are also time-consuming and expensive. Their tameq after feqdmg them on rickettsemic laboratory rats as
feld 'a licability has some obvious limitations. In a d dition described previously (6). Flea samples were collected at day
cid app ity obvious : ! 0 and every other day postinfection (d.p.i.) thereafter and

the recovery of .the pathogenic_organisms from infected stored in tubes containing 0.5 ml of brain heart infusion broth
vectors requires either live or properly frozen specimens and (BHI) at ~70°C

their delivery to the laboratory facilities. Subsequent isola- . . ; . . .

tion, purification, and identification of the rickettsiae from r‘?t',:sgm:';;i ggg}égns:‘:le::)'::::fm‘;ﬁ:‘fg:egringg;g%
the arthropod vectors require procedures which are difficult !I)'GC A:A.C'ITCT ATGTT and p rim?: r2C A'IBI‘GTI'CGTC AG

and entail some risk of infection. . p

. . . . GTTGGCG) was synthesized on the basis of the DNA
0“:22“”3?:3;23:;2?:: ;‘:‘Zﬂ;.zr;(ggl;)';?;f:e‘:::: ige:;,ic sequence (publi_shed .data) of the gene c_:'ncoding the 17-
thesize copious quantities of DNA from a single template (9) kilodalton protein antigen _from R. rickentsii (1). Each of the
prov{des a valuable new approact_l to the detection and ::lg?ozoft? sgb})xg(??e;h??:\ eés x:z“c’?glpl;mccl:;:zﬁto Ra
identification of pathogenic rickettsiae within infected vec- prowazekii, and R. typhi have very similar nucleotide se-

tors. In particular. the recent sequencing of a rickettsial . . .
. X g quences (2) (base 10 of primer 1 is G for R. nphi and R.
17-kilodalton antigen which is common to members of both prowazekii; bases 6. 9, and 18 of primer 2 are C. A. and A.

respectively, for R. prowazekii); therefore, this pair of
* Corresponding author. primers could amplify R. ryphi DNA. The length of the

530




Vot. 28, 1990

rickettsial genome targeted for amplification was predicted
to be 434 base pairs (bp) (Carl et al., in press). The specificity
of these primers was tested in PCR, using purified DNA from
various bacteria. A single band with the length predicted for
amplified DNA was obtained with R. rickertsii, R.
prowazekii, R. tvphi, and R. canada McKiel but not with
Ehrlichia risticii ATCC VR-986, Escherichia coli K-12,
Wolbachia persica ATCC-VR 331, Rochalimaea quintana
Fuller, and R. tsutsugamushi strains Karp, Kato, and
Gilliam (Carl et al., in press).

(ii) Preparation of samples for PCR analysis. Individual
fleas (infected and uninfected) were triturated in 100 pl of
BHI and boiled for 10 min. The PCR was carried out, using
10 ul of the boiled suspension. Serial 10-fold dilutions of a
yolk sac seed AZ332 strain of R. ryphi were used to establish
the sensitivity of the PCR. This seed had the absolute
rickettsial body count of 9.24 x 10%/ml and 6.07 x 10® tissue
culture PFU/ml (3). Control DNA was prepared from puri-
fied R. tvphi by proteinase K-sodium dodecyi sulfate diges-
tion and then repeated phenol and chloroform extractions
and ethanol precipitation. For PCR studies, we also utilized
frozen aliquots of specimens which were used in our previ-
ous studies (5, 6). As a result, the information regarding the
rickettsial titers in terms of PFU, direct immunofluorescent
antibody test (DFA), or ELISA was available for some of the
materials. In brief, the quantitation of rickettsiae in infected
fleas was carried out by using the chicken embryo cell plaque
assay method (6) on either individual fleas or the homoge-
nates of pooled fleas (# = 10 to 20 per time point). The
presence of rickettsiae in individual fleas was determined by
DFA. using fluorescein isothiocyanate-labeled anti-R. typhi
{convalescent) guinea pig serum (6). Double-sandwich anti-
gen capture ELISA was performed on either individual or
pooled flea samples as described previously (5). In addition
to these samples, other flea specimens were also prepared
and tested simultaneously by both ELISA and PCR.

(i) Amplification. PCR was run as described previously
(Carl et al.. in press) on a Thermal Cycler (Perkin-Elmer
Cetus. Norwalk, Conn.). Each 10-ul sample was amplified
for 35 repeated cycles of denaturation at 94°C for 30 s,
annealed at 57°C for 2 min, and subjected to the sequence
extension step at 70°C for 2 min in the presence of 2 U of Tag
polymerase (Perkin-Elmer Cetus) and each of the four deox-
ynucleotide triphosphates in the reaction mixture (100 pl
total).

(iv) Detection and identification of R. typhi sequence in
reaction products. The R. ryphi target DNA sequence ampli-
fied by PCR was identified by visualization of a 434-bp band
on agarose gels after electrophoresis and dot blot hybridiza-
tion. In the agarose gel method. 14 pl of the PCR product
was subjected to electrophoresis in 1% gels (SeaKem: FMC
Bioproducts. Rockland. Maine). and the gels were stained
with ethidium bromide and examined for bands of appropni-
ate size with UV transillumination. In the dot blot hybrid-
ization method. PCR products (10 pl) were combined with 5
ul of 3 M NaOH and 40 pi of TE (10 mM Tris [pH 8.0}-1 mM
EDTA [pH 8.0)) and incubated for 60 min at 65°C. The pH
was neutralized by the addition of 50 ul of 2 M ammonium
acetate. The samples were applied to nylon membrane
(Schieicher & Schuell, Inc.. Keene. N.H.), using a filtration
manifold. The filters were dried and prehybridized at 45°C
for 24 h in 50% formamide~5x SSC (1x SSC is 0.15 M NaCl
plus 0.015 M sodium citrate)}-4x Denhardt solution-100 pg
of denatured and sonicated herring sperm DNA per mil.
PCR-amplified R. ryphi DNA was labeled with *2P by using
a random primer DNA labeling kit (Boehringer Mannheim
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FIG. 1. Agarose gel analysis of PCR products of boiled serial
10-fold dilutions of BHI seeded with R. ryphi (Ethiopian strain).
Each lane represents the number of PFU per milliliter of BHI: 10°
through 10° rickettsiae (lanes 2 through 7, respectively). M, High-
range DNA size standards (100 to 23,000 bp), Bio-Rad Laboratories,
Richmond, Calif. Lane 8, BHI.

Biochemicals, Indianapolis. Ind.) and hybridized to the
membrane at 45°C for 16 h in the prehybridization solution.
The blot was washed first in 1x SSC-0.1% sodium dodecyl
sulfate for 30 min at room temperature; the membrane was
transferred to 0.1x SSC-0.1% sodium dodecyl sulfate for 1
h at 65°C. The membrane was dried and exposed to Kodak
XAR film (Eastman Kodak Co., Rochester, N.Y.) with an
intensifying screen.

. RESULTS

Sensitivity and specificity of PCR and dot hybridization
detection. Our initial studies revealed that extraction of
purified DNA from either fleas or rickettsial seeds was not
necessary in the PCR assay. For example, DNA extracted
from 10’ PFU of rickettsiae produced a faint PCR band in
agarose gel (data not shown) when compared with the same
rickettsiae which had been boiled for 10 min prior to PCR
assay and used without further processing. Consequently,
this simplified sample treatment was employed prior to PCR
amplification in all subsequent experiments.

To standardize PCR and to evaluate the sensitivity and
specificity of the primer pair, 10’ PFU of R. typhi seed was
added to 1 ml of BHI. A 10-ul portion from each 10-fold
serial dilution was then boiled and PCR amplified for 35
cycles. Agarose gel electrophoresis of the PCR products
revealed the predicted band of 434 bp for samples containing
10° through 107 rickettsial PFU/ml (Fig. 1, lanes 2 to 5) but
not lower dilutions (Fig. 1, lanes 6 and 7). Even greater
sensitivity was obtained when dot hybridization was used to
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FIG. 2. Dot hybridization of PCR products of R. rvp/i tEthiopian
straini-seeded BHI (A1, The amplification products from sensitivity
studi=s shown in Fig. 1 were dot blotted onto a nyvion membriune und
probed with ““P-end-labeled R. nvphi DNA probe, Selected umpli-
fied products from whole uninfected and infected feas at different
duvs after infectious feeding (dpi) were dot blotted in the sime
manner (B). Subsequent dot blot analysis of decimal dilutions of the
seed (10° 1o 1077 was performed to determine the endpoint titer.
Dot blot tailed to detect rickettsiul DNA in the amplified PCR
products of the seed at the dilutions of 107" 10 10 = R. rvphi PFL ml.

assay amplification products. since even 1 ricketisial PFU
ml of the reaction mixture could be detected (Fig. 20, The
reaction products trom uninfected individual flea specimens
did not ¢contain the detectable 434-bp band in agarose gel
{Fig. 3, kines 2 to 4. thus excluding amplification of PCR
product frem the endogenous microflors and endosymbionts
of the lea. Known infected sumples including BHI seeded
with 10" R, rvphi PEU (Fig. 3. lane 6) and fleas at 9 d.p.i.
{Fig. 3. June 73 revealed bunds of the expected size. The
reaction products of unintected fleas which were seeded with
107 PFU of rickettsiae also produced the predicted 434-bp
hand tdita not shown,

Correlation of PCR detection of R. typhi in Jeas with other
methods. Infected Aeas from ditferent batches with Known
PFU per flea or ELISA titers were used in the PCR reaction.
None of the PCR samples of uninfected fleas revealed w band
of the expected size 1Fig. 3 10 51 Two out of three fleas at 2
Joil (Fig. 3. lanes 3 to Adasingle Aeaat 9 depui. (Fig, 4. lune
S0, and four out of four feas at I8 d.p.i. (Fige Sclanes 2o ©)
were positive for R, rvphi by PCR. Detection of infection in
Aeas at 2d.pa0. 6777 1is o good example of the sensitivity of

FABLE 1. R, ryphi detection in experimentally infected
A cheapis fleass gel assay PCR versus doublessandwich ELISA

- e

N ol fleas positive
total by
——e

Rivkettaal tter
log PEU per

Fope of o™
flein 1rangpe

ELISA CR
L ninfected 01 (IR1Y] 2]
A2 16 26 .
ACY=10 dopa, N2 mn 6,2 18,3-" M
AU IS dopai, D 4.0 LT B WL
M3 dopai. NN 14

" Fleas were washed, suvtave sterilized. and homogenized in 100 ud of K.
Thts prepatation was e beded For 30 nun umd used in ¢lther PCR 610 ulvar
LIS 40 i

“Flea samples were vollected from diferent eaperiments 1 inchinde thews
with both high smd b ifegtnn ies

J. Cuax. Microwion..

A D PRSP - T

FIG. 3. Agurose gelelectropheresis of PCR-amplified products

trom uninfected tleas thines 2 ta 41, 10" R pvpini-seeded BHI dlane g,

wad a ea at 9 dopais thane 7). ML Lose-range DNA size standards 42
te 1.746 bp. Bio-Radh Lane 5. Blank,

the PCR method. We were not suecesstul in detecting R.
replid infection i cither fleas ot 2 dopa. or uninlected
individual fleas (n = 20) as tested by DFA or in the pooled
€20 10 30 fleax per pool) samples of fleas at 1w 3 dopai. by
tissue culture plagque assav. Inaddition. the optical reading
in single flea ELISA tor fleas at 2 d.pai. only revealed one out
of SIX ity positive toptical density. 0,141 for the positive fleal.
Most e samples (= I8 of v, 10, 140 18 and 23 dopai.
which were positive by DFA and ELISA were also positive
by PCR CTable Do Increases in the intensity of the 434-bp
pand in samples at Y o I8 dopa. correlated with vickettsial
Toads in those leas, The PFU per flen as measured by tissue
culture plague assay ranges from 107 10 107 for e at <9
dopaic CTable 1ot6) Dot hlot hvbeidization on selected
PCR-positive Hea samples terther contirmed  the el
obtained by gel clectropharesin tFig, 21,

DISCUSSION ‘

Murine typhus oceurs in mand arcis of the world and is
more common than is generally readized s Munne wyphus
in i hotschold infection because o its iniimate avsevintion
with commuensal rats and their Reas, Nowey all human cases
Bave heen swaciied with commessal ras and theie e, in
partivalne N eleopds Teas 10 Sinee L cheopis sas e the
Koy factar i the transmission cvele of murine typhus
hemans in many endenue aris, Kokl sueveys te evale the
previienee o Ry Lopdd infection i these s showld he
condueted from time o Hme Sueh evalwtion waaid gener
ate important epideniological inbrtion: and provide a
Maseline for eltective control progranms, Cuarreatty asinkibde
feld suevey methodology is cumbersonme, The applivation o
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FIG. 4. Agarose gel analysis of PCR products of an uninfected
flea tlane 3), fleas at 2 d.p.i. (lanes 4 to 6), and a flea at 9 d.p.i. (lane
8).

PCR to detect R. ryphi infection in vector fleas provides
several advantages over other well-established. sensitive,
and specific assays namely ELISA and DFA. Unlike
ELISA. DFA. and plaque assays, PCR requires no fresh or
properly frozen specimens. PCR has been applied by others
to fixed tissues (frozen or Formalin fixed) (10). museum
specimens (8). and even alcohol-preserved specimens. Such
versatility of PCR makes it very advantageous in field
studies by reducing the potential dangers involved in the
maintenance and transportation of the infected vectors. For
example. insecticides can be applied to collect fleas. and
such fleas could be directly processed for PCR reuction.

In addition to faciiiiating the collection of fieas for control
purposes under field conditions. PCR detection of R. ryphi
appears to be significantly more sensitive than the ELISA.
DFA. or plaquing techniques. Even though only one-fifth as
much sample was employed in PCR as that employed in
ELISA. the simple agarose gel visualization of PCR product
was as good as or better than ELISA for detecting R. ryphi
in DFA or plaque assay-negative fleas in the first few days
after feeding on rickettsemic rats. As demonstrated here, the
dot assay was 100-fold more sensitive than the agarose gel
visualization technique. Consequently, portions of samples
negative by agarose gel analysis could be screened by dot
assay to ensure that poorly infected fleas were not missed.

Since the dot assay was positive with 10 ul of a dilution of
1 PFU/ml it appears that assay sensitivity correlated better
to total rickettsial count than to PFU (15:1, rickettsial body
to uncentrifuged PFU). Even centrifugation only increases
plaque counts four- to sixfold so that the PCR dot assay
appears to detect both live and dead rickettsiae in the
sampies. Although the number of genomic copies per rick-
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FIG. 5. Agarose gel analysis of PCR products of fleas at 18 d.p.i.
(lanes 2 to 5) and an uninfected flea (lane 6).

ettsia is not known precisely, the PCR dot assay endpoint
appears to correspond remarkably closely to one rickettsial
body. To further confirm the presence of R. typhi rather than
R. prowazekii or spotted fever rickettsiae in the fleas, only
primer pairs specific for R. typhi are being evaluated. This
development will be most important in confirming the pres-
ence of R. tvphi in mixed ectoparasite pools or in potential
new vectors. Alternatively, the same assay used here may be
suitable for detecting R. prowazekii in both lice and fleas or
R. rickettsii in ticks.

The agarose gel assay and dot PCR assays for R. typhi are
both semiquantitative. Although a quantitative PCR assay is
not needed for field studies, further refinements in the
current method by densitometric quantitation of product.
serial dilutions of sample, or an alternative solution hybrid-
ization protocol (7) will permit replacement of animal titra-
tions or difficult plaque assays for refined laboratory studies
(3, 5. 12). Indeed, the sensitivity of PCR may permit studies
of transovarial transmission in ectoparasites or quantitation
of persistence of rickettsiae in animals which presently
cannot be done in any other way.

ACKNOWLEDGMENTS

This study was supported by Public Health Service grant
Al-17828 from the National Institutes of Health and by Naval
Medical Research and Development Command research task
3IM162770A870.AQ.120.

LITERATURE CITED

1. Anderson, B. E., R. L. Regnery, G. M. Carlone, T. Tzianabos, J.
E. McDade, Z. Y. Fu, and W. J. Bellini. 1987. Sequence analysis




534

WEBB ET AL.

of the 17-kilodalton-antigen gene from Rickertsia rickettsii. J.
Bacteriol. 169:2385-2390.

. Anderson, B. E., and T. Tzianabos. 1989. Comparative sequence

analysis of a genus-common rickettsial antigen gene. J. Bacte-
riol. 171:5199-5201.

. Arango-Jaramillo, S., A. Farhang-Azad, and C. L. Wisseman,

Jr. 1984. Expenmental infection with Rickettsia mooseri and
antibody response of adult and newbomn laboratory rats. Am. J.
Trop. Med. Hyg. 33:1017-1025.

. Azad, A. F. 1990. Epidemiology of murine typhus. Annu. Rev.

Entomol. 35:553-569.

. Dobson, M. E., A. F. Azad, G. A. Dasch, L. Webb, and J. G.

Olson. 1989. Detection of murine typhus infected fleas with an
enzyme-linked immunosorbent assay. Am. J. Trop. Med. Hyg.
40:521-528.

. Farhang Azad, A., and R. Traub. 198S. Transmission of murine

typhus rickettsiae by Xenopsylla cheopis, with notes on exper-
imental infection and effects of temperature. Am. J. Trop. Med.
Hyg. 34:555-563.

. Keller, H., D. P. Huang, and M. M. Manak. 1989. A sensitive

nonisotopic hybridization assay for HIV-1 DNA. Anal. Bio-

10.

11.

12.

13.

J. CLIN. MiICROBIOL.

chem. 177:27-32.

. Paabo, S., R. G. Higuchi, and A. C. Wilson. 1989. Ancient DNA

and the polymerase chain reaction. J. Biol. Chem. 164:9709-
9712.

. Saiki, R. K., S. Scharf, F. Faloona, K. B. Mullis, G. T. Horn,

H. A. Erlich, and N. Arnheim. 1985. Enzymatic amplification of
B-globin genomic sequences and restriction site analysis for
diagnosis of sickle cell anemia. Science 230:1350-1354.
Shibata, D. K., N. Arnheim, and W. J. Martin. 1988. Detection
of human papilloma virus in paraffin-embedded tissue using the
polymerase chain reaction. J. Exp. Med. 167:225-230.

Traub, R., C. L. Wisseman, Jr., and A. Farhang-Azad. 1978.
The ecology of murine typhus: a critical review. Trop. Dis. Bull.
75:237-317.

Weiss, E. 1981. The family Ricketrsiaceae: human pathogens, p.
2137-2160. In M. P. Starr, H. Stop, H. G. Truper. A. Balows,
and H. G. Schlegal (ed.), The prokaryotes: a handbook on
habitats, isolation, and identification of bactenia, vol. 2. Spring-
er-Verlag, New York.

Weiss, E. 1982. The biology of rickettsiae. Annu. Rev. Micro-
biol. 36:345-370.

Accession For

DTIC TAB
Unannocunced O
Justification ___ |

By
Distripuﬁion/
Availarility Codes

]Avail and/or

Special

Dist |
I

Al20

W




